Background {#Sec1}
==========

Type 2 diabetes mellitus (T2DM) is one of the major public health problems around the world. Over past decades, the prevalence of T2DM has been increasing rapidly in Asian populations \[[@CR1]\]. In China, the prevalence of diabetes and pre-diabetes reached 9.7 and 15.5 %, respectively, in adults at age of 20 years or above in 2008, which means that 92 million Chinese adults were with diabetes and 148 million with pre-diabetes in the country \[[@CR2]\].

Epidemiologic evidence is accumulating on the association between T2DM and cancers, particularly for cancers of colorectum \[[@CR3]--[@CR5]\], liver \[[@CR6], [@CR7]\], breast \[[@CR8], [@CR9]\], bladder \[[@CR10]\], kidney \[[@CR11]\], and prostate \[[@CR12]\]. However, the results are not consistent \[[@CR13]--[@CR17]\], and the associations differ by race and ethnicity \[[@CR18]\]. To elucidate the associations of T2DM with the risk of cancers is particularly important in China, because, with the huge population and high prevalence of T2DM, even a small increase in the cancer risk might have a significant public health impact at the population level for the country.

The present study was specifically designed to reveal the possible associations of T2DM with overall and sub-sites of specific cancers in Chinese adults by a population-based risk analysis.

Methods {#Sec2}
=======

Data sources {#Sec3}
------------

Based on the Chinese National Diabetes Prevention Guide, standardized management for diabetes patients, as a basic community health service, has been carried out since 2004 in Minhang district, an administrative division with 1,000,000 residents of Shanghai, China. The patients enrolled in the management system included: 1) part of prevalent T2DM patients; 2) newly-diagnosed T2DM patients from local comprehensive hospitals, 3) newly-diagnosed T2DM patients from regular health check-up programs for all local residents over 60 years provided by community health service centers (CHSC), and 4) newly-diagnosed T2DM patients from free screening for high risk group with specific symptoms or claims provided by CHSC. Due to that the T2DM patients diagnosed in hospitals out of Minhang district were not routinely enrolled for standardized management, most T2DM patients registered in the system were from local hospitals, which accounted for about 90 % of all newly-diagnosed patients in local hospitals each year.

The standardized management referred to regular following-up of patients carried out by General Practitioners. According to the Chinese National Diabetes Prevention Guide, the frequency of following-up and health care service provided to the patients were determined and standardized according to the patient's clinical conditions. The patients with fasting blood glucose \< 7.0 mmol/L were followed up every 3 months by measuring blood pressure and testing levels of blood glucose, glycosylated hemoglobin and urine protein, and the patients with fasting glucose \> 7.0 mmol/L were followed up once per month. During the 7-year period from 2004 to 2010, a total of 36,379 diabetes patients were enrolled and followed-up. All these data was recorded as electronic health records (eHR) and transmitted into the eHR database. Using the unique identification card number of each individual, the incident cancer cases were identified through record-linkage of eHR system with Cancer Registry System in Minhang district, which is part of the Shanghai Cancer Registry system \[[@CR19], [@CR20]\]. The ICD-10 codes were assigned to each cancer case by the type of cancers such as Stomach (C16), Colon (C18), Rectum (C19-C20), Liver (C22), Pancreas (C25),Trachea / bronchus and lung (C33-C34), Brain/central nervous system (C70-72), Prostate (C61), Kidney (C64), Bladder (C67), Breast (C50), Corpus uteri (C53) and Thyroid (C73).

Datum of all subjects was acquired based on local basic community health service. Verbal informed consent was obtained from all these enrolled patients. Ethics approval was granted from the Institutional Review Board of Minhang Center for Disease Control and Prevention (NO: EC-P-2012-002).

Statistical analysis {#Sec4}
--------------------

Person-years (PY) of follow-up were calculated from the date that T2DM was first diagnosed to the date on which common cancer was diagnosed, or death date, or the December 31, 2010, whichever occurred first. Crude incidence rate (CIR) for cancers was calculated by the number of incident cancer cases divided by the number of observed person-years. The age-standardized rate (ASR \[W\]) was calculated using the World Standard Population.

The standardized incidence ratio (SIR) and its 95 % confident interval (95 % CI) were used to estimate the risk of common cancer in patients with T2DM. SIRs of cancers were determined by comparing the observed and expected number of cancer cases among T2DM patients, in which the latter was calculated by applying the age-specific incidence rates in the general population.$$\documentclass[12pt]{minimal}
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*U* test based on Poisson distribution was applied to compare the CIRs of cancers between prevalent and newly-diagnosed T2DM patients by using the following formula:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ u=\frac{\raisebox{1ex}{${X}_1$}\!\left/ \!\raisebox{-1ex}{${n}_1$}\right.-\raisebox{1ex}{${X}_2$}\!\left/ \!\raisebox{-1ex}{${n}_2$}\right.}{\sqrt{X_1/{n_1}^2+{X}_2/{n_2}^2}} $$\end{document}$$

X~1~ and *X*~2~ represent the number of cancer cases in prevalent and newly-diagnosed T2DM patients, and n~1~ and n~2~ represent person-years of observation for prevalent and newly-diagnosed T2DM patients, respectively.

All tests were two sided. *P* value less than 0.05 was considered as statistical significant.

Results {#Sec5}
=======

Between Jan 1, 2004 and Oct 31, 2010, 36,379 T2DM patients were enrolled and followed-up regularly through eHR system in Minhang district of Shanghai, China. The characteristics of the T2DM patients are shown in Table [1](#Tab1){ref-type="table"}. Of the 36,379 T2DM patients, 16,166 (44.4 %) were men and 20,213 (55.6 %) were women, with mean age being 58.44 and 59.37 years, respectively. After 136,187 person-years of following-up, 1205 cancer cases were identified through record-linkage of eHR system with the Cancer Registry System. The overall crude incidence rate (CIR) of cancers was 955.21 per 10^5^ person-years in men and 829.57 per 10^5^ person-years in women, with ASR (W) being 289.69 and 246.22 per 10^5^ person-years, respectively. The top ten cancer subtypes by CIR were Stomach, Colon, Rectum, Liver, Pancreas, Trachea, bronchus and lung, Brain, central nervous system, Prostate, Bladder, and Kidney cancer in men, and were Stomach, Colon, Rectum, Liver, Pancreas, Trachea/bronchus and lung, Brain, central nervous system, Breast, Corpus uteri, and Thyroid cancer in women, as shown in Table [2](#Tab2){ref-type="table"}.Table 1Baseline description of the diabetes cohortVariableMen (*N* = 16166)Women (*N* = 20213)Follow-up time (Median, years)3.70Range: 1--73.78Range: 1--7Age (mean, years)58.44Range: 21--9459.37Range: 21--95Calendar year of enrolment (N, %) 20047554.679784.84 20055143.186893.41 2006283217.52394019.49 2007446927.64556327.52 2008530332.80653232.32 2009200912.43225311.15 20102841.762581.28Table 2CIRs and ASRs of cancers in patients with T2DMMen (*N* = 16166)Women (*N* = 20213)SubtypesNo. of cancer casesCIR^a^ASR^b^ (world)No. of cancer casesCIRASR (world)Stomach74123.5835.224964.2214.88Colon63105.2134.916382.5619.24Rectum4880.1621.493039.3210.09Liver5185.1723.432431.4510.25Pancreas2440.0811.941823.596.20Trachea, bronchus and lung62103.5426.125673.3918.59Brain, central nervous system915.034.112431.457.93Prostate68113.5635.93Kidney1626.727.36911.795.43Bladder3151.7716.84Breast132172.9953.40Corpus uteri4558.9724.74Thyroid35.011.772634.0719.56Others123205.4070.57157205.7655.91Total572955.21289.69633829.57246.22^a^CIR: crude incidence rate (per 100000 person years)^b^ASR: Age-standardized rate (per 100000 person years) calculated using World Standard Population data

SIRs of common cancers in T2DM patients by gender and subtypes of cancers are shown in Table [3](#Tab3){ref-type="table"}. An increased risk of overall cancer in T2DM patients were found in both men and women, with SIRs of 1.28 (95 % CI: 1.17--1.38) and 1.44 (95 % CI: 1.32--1.55), respectively. For subtypes of cancer, a significant increased risk of colon (1.97; 1.49 to 2.46), rectum (1.72; 1.23 to 2.21), prostate (2.87; 2.19 to 3.56), and bladder cancers (1.98, 1.28 to 2.68) was observed in men and elevated risk of colon (1.67; 1.25 to 2.08), breast (1.66; 1.38 to 1.95) and corpus uteri cancers (2.87; 2.03 to 3.71) was observed in women. We did not find a significant association between T2DM and Stomach, Liver, Pancreas, Brain, Kidney cancers.Table 3SIRs of cancers in patients with type 2 diabetes by gender and subtype of diseaseMale (*N* = 16166)Female (*N* = 20213)No. of cancer casesSIR95 % CINo. of cancer casesSIR95 % CIObservedExpectedLowUpperObservedExpectedLowUpperStomach7463.51.170.901.434939.01.260.911.61Colon6331.91.971.492.466337.81.671.252.08Rectum4827.91.721.232.213023.51.280.821.73Liver5142.51.200.871.532422.01.090.651.53Pancreas2418.71.280.771.801818.80.960.511.40lung62103.30.600.450.755653.91.040.771.31Brain99.90.910.321.512416.21.480.892.07Prostate6823.72.872.193.56Kidney1610.91.470.752.1996.31.420.492.35Bladder3115.61.981.282.68Breast13279.41.661.381.95Corpus uteri4515.72.872.033.71Thyroid34.20.710.091.512620.21.290.791.79Others11795.81.221.001.44157107.81.461.231.68Total572447.91.281.171.38633440.71.441.321.55

The risk of cancers was not observed to increase in patients at all age groups. In men, an increased risk was found in patients at ages of 70- and 80- years, with SIRs of 1. 54 (95 % CI: 1.34--1.73) and 2.79 (95 % CI: 2.17--3.42), respectively. In women, an increased risk was also observed in older patients, with SIRs being 1.48 (95 % CI: 1.28--1.69) in patients at ages of 60- years, 1.79 (95 % CI: 1.56--2.03) in patients at ages of 70- years, and 2.20 (95 % CI: 1.61--2.78) in patients at ages of 80- years, respectively (as shown in Table [4](#Tab4){ref-type="table"}).Table 4CIRs and SIRs of cancer in T2DM patients by age groupAge groupsMenWomenNo. of cancer casesSIR95 % CINo. of cancer casesSIR95 % CIObservedExpectedLowUpperObservedExpectedLowUpper30-21.61.250.482.9863.31.820.363.2740-1623.00.700.351.043439.00.870.581.1650-9385.21.090.871.31112111.91.000.821.1960-142152.80.930.781.08204137.41.481.281.6970-243158.01.541.341.73223124.41.791.562.0380-7627.22.792.173.425424.62.201.612.78

In this study, we did not find a significant difference in age distribution between prevalent and newly-diagnoseddiabetes patients. However, the risk of cancers was significantly higher in prevalent diabetes patients (CIR = 494.37 per 10^5^ person-years) than in those newly-diagnosed (CIR = 991.04 per 10^5^ person-years). The difference was significant in both men (U = 5.06, *P* \< 0.05) and women (U = 8.75, *P* \< 0.05) (as shown in Table [5](#Tab5){ref-type="table"}).Table 5Comparison on CIR of cancer between newly-diagnosed and prevalent T2DM patientsMaleFemaleTotalNo. of T2DMPerson-years (PY) of follow-upNo. of cancer casesCIR^\#^No. of T2DMPerson-years (PY) of follow-upNo. of cancer casesCIRNo. of T2DMPerson-years (PY) of follow-upNo. of cancer casesCIRNewly-diagnosed D2TM patients38991287780621.2648751625164393.82877429128144494.37Prevalent D2TM patients12267470054921046.701533860054569947.48276051070591061991.04*U*-testU = 5.06, *P* \< 0.05U = 8.75, *P* \< 0.05U = 6.44, *P* \< 0.05^\#^CIR: crude incidence rate (per 100000 person years)

Discussion {#Sec6}
==========

The association between T2DM and the risk of common cancers has been extensively investigated in western countries. In China, however, only a few studies have been focused on the associations, and the findings were not consistent \[[@CR15], [@CR16]\]. In this study, based on local population-based registry data, we observed an increased risk of overall cancer in Chinese with T2DM. Our results are consistent with Wideroff et al's report \[[@CR13]\], in which diabetic patients in Denmark was found having 10 % increased risk of all types of cancers (SIR = 1.1). However, no significant association was found between T2DM and an incidence of cancer (RR = 0.99, 95 % CI = 0.90--1.09) in a UK study \[[@CR17]\]. Ethnic discrepancy on biologic effect of T2DM may partly explain the inconsistency \[[@CR18]\]. Moreover, due to the fact that the risks of cancers in diabetes patients may vary by sub-sites of cancers and the ranks of cancers differ across populations, it is necessary to compare the associations of T2DM with the risk of site-specific cancers in different populations.

One of the main findings in previous studies is that diabetes patients have an increased risk of colorectal cancer \[[@CR17], [@CR21], [@CR22]\]. However, the increases in risk of colon and rectum cancers were found much different. Ren, et al. \[[@CR23]\] reported a significant increased risk of colon cancer in male T2DM patients and a borderline significant risk of colon cancer in females, and did not find a significant association between T2DM and risk of rectal cancer in both sexes. The results in this study are sometime inconsistent with Ren, et al's report. Our patients, both male and female, were more likely to have colon cancer. The increase in the risk of rectum cancer was also observed in both sexes, but the association reached significant only in male patients.

Our finding of an elevated risk of prostate cancer in male T2DM patients is consistent with the results reported by Tseng, et al. \[[@CR24]\] and Will, et al. \[[@CR25]\], but is not in line with some other studies. Evidence has been available for the null \[[@CR26]\] and inverse associations between T2DM and prostate cancer \[[@CR27], [@CR28]\]. The result from a meta-analysis indicates that diabetes was associated with an increased risk of prostate cancer in Asians but the RR was greatly attenuated by adjusting for some confounders (unadjusted RR = 2.82, adjusted RR = 1.31) \[[@CR29]\]. The mechanism underlying the association is unclear. It is possible that the difference in exposures to common risk factors such as tobacco smoking, obesity, and some psychology factors \[[@CR30]\] and difference in genetic background \[[@CR31]--[@CR33]\] may contribute to the inconsistency. Moreover, average level of PSA was significantly lower in diabetes patients than in non-diabetes, as were as frequency of PSA screening \[[@CR34]\], which may partly explain the inverse association between T2DM and prostate cancer.

For other types of cancers, we observed higher risks of breast and Corpus uteri cancers in females and bladder cancer in males, which is consistent with previous studies \[[@CR15], [@CR16]\]. A significant inverse association between diabetes and lung cancer was observed in men, which is also consistent with previous studies \[[@CR16]\]. However, we did not find a significant association of T2DM with the risk of pancreatic and kidney cancers, which is not consistent with the positive association reported in several studies \[[@CR35], [@CR36]\]. Inadequate statistical power due to small sample size may explain the results on rare cancers. Moreover, we did not take some potential confounders into consideration such as sedentary lifestyle, tobacco smoking and obesity, the shared risk factors of T2DM and certain cancers \[[@CR37]\]. More studies are needed to distinguish the effect of diabetes from those of shared risk factors and diabetes management.

Many biological mechanisms may be involved in the elevated risks of overall or certain sub-sites cancers among T2DM patients. Usually, diabetic patients have hyperinsulinemia and are associated with reduced insulin sensitivity and compensatory hyperinsulinemia as well as an increased insulin-like growth factor (IGF)-1 level, which may stimulate cell proliferation in pancreas, colon, breast, and other organs. Insulin itself exerts a mitogenic effect on various tissues including breast cancer cell lines, which are usually oestrogen receptor positive \[[@CR38]\]. In breast cancer, insulin induces aromatase activity and reduces sex hormone binding globulin (SHBG), leading to increased free oestrogen levels, which in turn increases mitogenicity \[[@CR39]\]. Interestingly, breast cancer cells appear to have high levels of insulin receptors, compared to normal breast tissue \[[@CR40]\]. Insulin may exert a mitogenic effect through insulin-like growth factor-1 (IGF-1) receptors. Prospective studies have shown that people with circulating IGF-1 have an increased risk of common epithelial cancers such as breast, colon and prostate cancer \[[@CR41]\]. A recent large population based survey showed that women with high blood concentrations of IGF-1 are more likely to develop breast cancer, women with the highest concentration of IGF-1 were found to have a 28 % higher risk of developing breast cancer than women with the lowest concentration \[OR 1.28 (95 % CI 1.14--1.44)\] \[[@CR42]\]. The direct link between diabetes and cancer through hyperinsulinemia, hyperglycemia and inflammation may explain the high risk of cancers in prevalent T2DM patients than in those newly-diagnosed. It has been suggested that duration of diabetes and use of exogenous insulin were associated with the cancer risk \[[@CR30]\]. It seems that long-term exposure to insulin has direct relevance to the cancer risk.

Strengths and limitations {#Sec7}
-------------------------

The strengths of this study included its prospective study design, representative and relative large sample size of diabetes patients, confirmation system of diagnosis and high quality cancer registry system, which provide us a good opportunity to evaluate the possible effect of T2DM on cancer risk in Chinese population. Several limitations of the study should be mentioned. First, the small number of some site-specific cancers may lead to a low statistical power to detect a significant association. Therefore, we only focused on the top ten subtypes of cancers to ensure statistical power. Second, the average following-up time was rather short for many patients, which also may influence the statistical power. Moreover, due to the number of patients screened varied year by year, it is possible that the patients recruited in certain years were detected earlier while those in other years were not, which may lead to heterogeneity of the patient population. Third, although age and gender were controlled in calculation of SIR, we did not obtain and adjust other risk factors such as smoking, alcohol consumption, body mass index (BMI), physical activity and use of antidiabetic medicines, in which use of antidiabetic drug metformin has been associated with reduced risk of cancers \[[@CR36]\] and BMI was reported to be associated with increased risk of both of T2DM and cancers \[[@CR37]\]. Finally, diabetes is an under-diagnosed disease and some T2DM patients remained undiagnosed, which may lead to misclassification bias.

Conclusion {#Sec8}
==========

In summary, the present study suggested that type 2 diabetes may increase the risks of overall cancers, particularly in older patients and prevalent patients. Diabetes is associated with an increased risk some cancers (colon, rectum, prostate, and bladder cancers in men and colon, breast, and corpus uteri cancers in women), and related with a reduced risk of lung cancer in men. For some other cancer sites, there appears to be no association possibly due to inadequate statistics power.
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